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[57] ABSTRACT 
A first optical adapter is to be detachably mounted on 
the distal end of an endoscope having an observation 
optical system and an illumination optical system, in 
which an aperture di^hragm which has been disposed 
at a given position within the observation optical system 
of the endoscope in the past, is disposed instead within 
an observaiton optical system of the optical adapter 
such that its optical axis is in agreement with that of the 
observation optical system for the endoscope. The opti- 
cal adapter is selected from a set of adapters having 
different F numbers or the optical adapter is provided 
with a set of different F number diaphragms which are 
interchangeable. This enables the F number of the ob- 
servation optical system of the endoscope apparatus to 
be changed by merely selecting the appropriate front 
optical adapter or diaphragm, depending upon bright- 
ness of the observation optical system, depth of field 
and brightness of an object being observed, as well as 
observation range and view angle of the observation 
optical system and the like, in order to obtain a clear 
observation image with optimum brightness. 

7 Claims, S Drawing Sheets 
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such a situation brightness grade becomes too great 

ENDOSCOPE APPARATUS when observing an object at a near point 

In general, the brighter the visual field, the better and 

BACKGROUND OF THE INVENTION . the greater will be depth of field, and observation quali- 

This appUcation is a cantinnation.in.part of copend- ^ tics are improved However, in m ^^ow v^th 

ing appuStion Scr. No. 83,712, ffled Aug. 10, 1987. \S°^TSf^ dmphra^ bn^tness 

now abandoned and assigned, to the assi^iee of the increases and depth of ficW dccrcaa^ when an F num- 

instant application. The disclosure of said application terof the oteepatmopU«dsy^ 

Ser. No. 83.712 is mcoiporated herein by reference ,„ ^fP^^ of field increases and brightness decreases when 

The present invention relates to endoscope apparatus the F number is increased, 

in general and relates more particularly to an optical SUMMARY OF THE INVENTION 

Bjdaptsr for adjusting visual field brightness, which - ^. . ^ ^ _^ 

adapter is mounted at the distal end of the endoscope's ^. It is an object of this mveution to provide an aperture 

insertable portion. . , diaphragm located m the observation optical systan of 

In recent years, many endoscopes for medical uses an endoscope apparatus to define an F stop number for 

have been capable of obsening a visceral cavity by ^ oP^cal system. The diaphragm is centered on the 

inserting a slender insertable portion of the endoscope op^cal axis of the observation system and is located 

into the cavity and, when necessary, making a detailed between two lenses m the observation system bemg 

diagnosis by gathering Uving tissue with forceps in- ^ adjacent to one of these lenses which is between the 

serted through a forceps channel. Generally industrial other lens and the user of the endoscope, 

endoscopes are used to observe and inspect the mterior It is an object of the present invention to provide an 

of boUeis, turbines, engines, chemical plants and the endoscope apparatus in which there is a front optical 

adapter or a diaphragm within the front optical adapter, 

A direct-view type endoscope is convenient to use -5 adapter or diaphragm is selectably interchange- 
for observation when an affected part is in front of the able with an adapter or diaphragm havmg a different F 
distal end of the insertable portion in the longitudinal number so that an F number of an observation optical 
direction thereof. When an internal cavity wall is on the system is variable in accordance with desirable bright- 
side of a cavity perpendicular to the direction of inser- ness for the observation optical system in accordance 
tion, a side-view type endoscope is convenient to use for jq with depth of field, brightness of an object being ob- 
observation. In addition, a different view-angle endo- served, observation distance and view angle of the ob- 
scope can be conveniently used depending upon rough scrvation optical system (focal length), to obtain a clear 
observation in a large view scope or precise observation observation image with optimum brightness 
in a narrow view scope. However, because endoscopes An endoscope apparatus according to the present 
are expensive, it is very uneconomical to keep various 35 invention comprises an observation optical system 
endoscopes for observing different objects. To combat adapted to be mounted on the distal end of the insert- 
such problem, Japanese Lmd-Open Patent Application able portion of an endoscope and a plurality of inter- 
Sho No. S6-8S324 discloses a technique for mounting a changeable diaphragms which are variable in F number 
front optical adapter at the distal end of the msertable of the observation optical system. Thus, a particular 
portion of an endoscope, which adapter is provided 40 diaphragm is selected in accordance with a brightness 
with an optical system to adjust visual field angle and of the observation optical system, scope of depth of 
direction. field, brightness of the object bdng observed, observa- 

An endoscope technique has been proposed m which tion distance and view angle of the observation optical 

the objective is mounted on the distal end of an endo- system (focal length). 

scope by a non-rotatable connecting means so as to 45 gmEp DESCRIPTION OF THE DRAWINGS 
restrict rotation and a connectmg portion which won't 

restrict rotation. The connecting portion cannot be FIGS. 1 to 3 illustrate a first embodiment of an endo- 

loosened during the focusing operation because the scope apparatus constructed according to the present 

objective is provided with a rptauble focusing means mvention, FIG. 1 being a longitudmal sectional view of 

and IS connected thereto in a non-rotational manner, 50 thedistalendof an endoscope, FIG. 2 being a sectional 

with the objective not having focusing means to be view of a front optical adapter for observing an object 

connected thereto in a rotational manner. at a near point and FIG. 3 being a diagram illustrating 

In general, a field diaphragm is provided in an obser- an entire endoscope apparatus; 

vation optical system of an endoscope such that there is FIGS. 4 and 5 illustrate a modification of the first 

a wide angle field which can be observed with a fixed 55 embodiment with FIG. 4 being a longitudinsA sectional 

focus by enlarging depth of field. The field diaphragm is view of the distal end of an endoscope and FIG. 5 being 

not interchangeable. When the diaphragm is disposed a side elevation of the guide mounting for a movable 

within a front optical adapter provided on the distal end frame; 

of an endoscope, the F number of the observation opti- FIG. 6 illustrates another modification of the first 

cal system cannot be changed. 60 embodiment and is a longitudinal sectional view of the 

For an endoscope in which such a diaphragm is lo- distal end of an endoscope; 

cated, in order to enlarge the depth of field, the visual FIGS. 7 and 8 illustrate a an endoscope apparatus 

field becomes dark when observing an object at a re- constructed according to the present invention, FIG. 7 

mote point and, reversely, the visual field may be too being a fragmentary sectional view of a front optical 

bright when observing an object at a near point. In an 63 adapter, FIG. 8(a) being an explanatory view of a dia- 

endoscope which has a small depth of field, without phragm for observing a remote point and FIG. 8(6) 

stopping the diaphragm proper brightness can be ob- being an explanatory view of a diaphragm for observing 

tained when observing an object at a remote point but in a near point 
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distal end portion 13 abuts step portion 45. Reduced 

DETAILED. DESCRIPTION OF PREFERRED diameter portion 48. whose diameter decreases for- 

EMBODIMENTS wardly of step portion 47. is formed in the front of the 

In FIG. 3, endoscope apparatus 1 comprises endo- outer peripheral surface of cover member 46, and re- 
scope 2 and light source 3 for supplying illumination 5 duocd diameter portion 51. whose diameter decreases 
light Endoscope 2 is pix>vided with a slender and flexi- rcarwardly of step portion 49, is formed in the rear of 
ble insertable portion 4, for example, and operating the outer peripheral surface of cover member 46 
portion 6 of relatively large diameter connected to por- Connecting ring 52 has the same outer diameter as 
tion 4 at its rear end. Eyepiece portion 7 is disposed at front optical adapter 16 and surrounds reduced diame> 
the rear end of operating portion 6. and universal cord 10 ter portion 48 so as . to be rotatably mounted thereon, 
9 extends from the side of operating portion 6. Connec- Threaded portion 54 having longitudinal slits 53 is lo- 
tor 8 on the front end of universal cord 9 connects the cated at the front outer periphery of ring 52 add mates 
latter to light source 3. Insertable.portion 4 comprises a vvith threaded portion 29 on the rear inner surface of 
bendable portion 12 connected to the front end of a soft optical adapter 16. Inward projection 56 at the 
portion 11 provided on the end of portion 4 remote 13 Qf 52 is entered into recess 57 on the front 
from operatmg portion 6. Distal end portion 13 is con- q^j^j. periphery of cover member 46, so that ring 52 is 
nected to the front of bendable portion 12 and is pro- captured on cover, member 46. 
vided with front optical adapter 16. In a manner known Cylindrical ring stop 63, disposed within the reduced 
to the art, bendable portion 12 is bendable up and down diameter rear portion 59 of cover member 46, is pro- 
and right and left by rotating a knob 14 provided on the 20 ^ secured by screw 66 is provided with, 
operating portion 6. ' , . bore 61.through which image guide 52 extends and bore 

Front optical, adapter 16, for observmg an object through which Ught guide 44 extends. In a manner 

located at a remote point, is generaUy cylindrical and is to the art, a pluraUty of substantiaUy ring-3haped 

formed of a hard material. As seen m FIG. 1, through- ■ ^.^^ pivotally connected within bendable 

hole 17 for observation and through-hole 18 for illunu- 25 ^^^^ ^ mscrtable portion 4. In particular, joint 

natioi^ both at the distal end of front optical adapter 16, ^ ^ covcrcd by flexible tube 67 that is fitted on 

extend pardlel to the lon^tudmal dirwtion of msertable ^ ^^^^ 59 so as to abut against 

portion 4. Fitted mto the front end of through-hole 17 IS 0^^^^^ jjep 58 thereof. The outer surface of the tube 

first lens 21 consututmg a view an£e changmg lens ^ soirounded by protection sheath 68 made 

2;steml9mtheobscryadonop^^ 30 ^^^^t^i^^tedoffoe metal thread: The most 

22:is fixedly positioned by a step portion at ^e rear of of these joint pieces 64 is fitted on the rear, of 

first lens 2L Disc-shaped diaphragm 26 is fi^ed so as to ^ ^ ^y screw 74. 

abut agamst step 23 at the front of m.^ diameter "^^^^^^^ 68 is fitted onto 

portion 24 at the rear of through-hole 17. Diaphragm 26 ^zLa Ml^J^l^rS^ 72 

provides an optimum F number when ab object at a 35 diameto portion 72 of coUar 69. Porton 72 

?™l*rL1II* So extends rearward from step 71 of collar 69. This portion 

remote pomt is observed. ^, . ^. of collar 69 forward of step 71 has an outer diameter 

Liaht distribution lens system 27 of an illumination wu-u a? luiwoiu au^p f ^ 
opti(il system is fixedly fitted mto through-hole 18. equal ^o or shghtly less than that of cova m«nber 46. 
fLss 28o?^cukr cross-section is slighUy larger in The front end outer V^^V^^^^/^^ 
diameter than the outer diameter of substantiaUy cylin- 40 ^.^^ f^^f^ 
drical distal end body 30 provided on distal end portion by soldermg. Rmg 73 «ctends r^ard from step 71 
13ofinsertableportion4sothatbody 30canbeinscrted ^nd has an outer diameter csscntiaUy equal to that of 
into recess 28.:Body 30 projects from the rear end sur- wllar 69. whik the nmcr diameter of 
face of front optical adapter 16 such that the center line sheath 68 .1s clamped agamst the outside of member 69. 
of the front oi^dcal adapter 16 is aligned with the center 45 A plurahty of locking screws 74 are thrcadably fitted 
line of msertable portion 4. Thread 29 is formed on the onto the front of collar 69 and pass radiaUy there- 
inner peripheral rear end of the recess 28 and groove 32. through, the through recess 76 provided on the outside 
fonned at the front inner peripheral surface of thread of reduced diameter portion 51 of coyer member 46 mto 
29, receives ring-shaped watertight member 31, consti- clamping engagement wiUi the outside of cover mem- 
tttted by an O-Sig. 50 ber 46 to secure sheath 68 to distal end 13. In order to 

Front end body 0 which is inserted into recess 28 is prevent the screws 74 from falling off, they are covered 

provided with through-hole . 33 for observation and by cylindrically shaped member 77 that is loosely fitted 

through-hole 34 for illumination. Both holes 33 and 34 on the outside of cover member 46. The outer diameter 

extend parallel with the longitudmal direction of insert- of member 77 is essentially the same as that of front 

able portion 4. 55 optical adapter 16. Inwardly extending lip 78 at the 

First lens frame 37 into which optical rod 36 is in- front of member 77 abuts step portion 47 provided on 

scrted, and second lens frame 39 into which objective the cover, member 46. 

system 38 is inserted at the rear of the first lens frame 37. Front optical adapter 79 (FIG. 2) for observing an 
are fitted in through-hole 33. Further, the front or inci- object at a near point is constructed with the same outer 
dent end surface of image guide 42, having cover glass 60 configuration as that of front optical adapter 16 (FIG. 1). 
41 thereagainst, is fixedly inserted into distal end body for observing an object at a remote point, and is mount- 
30 at an image forming position in objective system 38. able on distal body 30. View angle changing lens system 
Cover: glass 43 for the front end surface of light guide 81 provided on adapter 79 acts together with objective 
44, is inserted into the front end of through-hole 34. system 38 to focus on an object at a near point. Dia- 
Step portion 45 is formed at the outer peripheral rear 65 phragm 82 having a large F number and disposed rear- 
portion of distal end body 30 so that the diameter of the wardly of view angle changing lens system 81, is . pro- 
latter is reduced towards the rear end thereof. The front vided so that the quantity of light is optimum for ob- 
end surface of cylinder-shaped cover - member 46 of serving an. object at a near point 
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In operation, front optical adapter 16 provided on agreement with that of the insertable portion 4 At its 
distal end body 30 of the endoscope 2 forms an observa* rear end the inner periphery of recess 98 is provided 
tion optica] system by combining objective system 38 with threaded portion 99. Ring-shaped interior groove 
and view angle changing lens system 19 disposed at the 102 at the front of threaded portion 99 receives water- 
front optical adapter 16. In the case of a fixed focus type 5 tight member 101, in this case an 0-ring. 
optical system, for example, the optimum focus position Cover gjass 103 is fixed at the front end of distal end 
b set on the remote point side. Diaphragm 26 provides body 97 which is inserted into the recess 98. Observa- 
an aperture for optimum brightness when an object at a tion window 104, having an optical axis that coincides 
remote point is observed. Upon completion of such with that of the view angle changing lens system 89, and 
conditions, insertable portion 4 is inserted In the vicinity 10 illumi&ation throttgh*hole 106 are provided at the front 
of the observation position. of distal end body 97 In paralld with the longitudinal 

DInmination light emitted from light distribution lens axis of insertable portion 4. Recess 111 is provided to 
system 27 provided on the front of optical adapter 16 is the rear of observation window 104 to house movable 
projected onto an object at a remote point. Reflected fiwne 109, square optical low-pass filter 116, first prism 
light from the remote object passes through view angle IS 112, second prism 113 and solid-state image pickup 
changing lens system 19 and, utilizing objective system package 108. Objective system 107 is fixedly positioned 
38, forms an image on the incident end surface of the in observation through-hole 114 at the front of movable 
image guide 42. This light has been stopped by dia- frame 109 and is disposed such.that the optical axis of 
phragm 26 so as to be at on optimum level upon reach- objective system 107 Is at the center of observation 
ing image guide 42. The optical image thus formed is 20 window 114. Optical low-pass filter 116 is disposed to 
transmitted through image guide 42 to eyepiece 7, en- the rear of objective system 107 and centered on the 
abling an operator to observe the image under optimum optical axis thereof, with front and rear end surfaces of 
brightness. Since tills observation optical system is able filter 116 being perpendicular to the optical axis of ob- 
to obtain a depth of field larger than that of a system in jective system 107. The front end surface of first prism 
which the diaphragm 26 is not provided, it is possible 25 112 is secured to the rear end surface of low*pass filter 
for an operator to obtain an observation image that is 116, and the rear end surface 117 of first prism 112 is 
focused over a wide range. mclined with respect t the optical axis of objective sys- 

When an object at a near point is to be observed, front tern 107. Second prism 113 is a shallow wedge having its 
optical adapter 16 is removed and replaced by front front end surface secured to inclined surface 117, and 
optical adapter 79 having view angle changing lens 30 with first prism 112 having its thinnest portion posi- 
system 81 that feeds objective system 38. tioned more forward than the remainder of prism 113. 

muminating light emitted from light' distribution lens Rear end surface 118 of second prism 113 is also in- 
system 27 is projected onto an object at a near point and clined with respect to the longitudinal direction of in- 
refiected light impinges onto view angle changing lens sertable portion 4. Seal glass 119 provided on the image 
system 81. Since the object being observed is near, the 33 pickup surface side of image pickup package 108 abuts 
incident light is too intense, but it is stopped by dia- rear end surface 118. Color filter array 21 is disposed to 
phragm 82 and then passes through objective system 38 the rear of seal glass 119 and solid-state image pickup 
to form an image with suitable light intensity on the chip 122 is disposed on the opposite side of array 121. 
incident end surface of image guide 4Z The optical Chip 122 is secured to package base 123 formed of 
image thus formed is transmitted through image guide 40 insulating material, such as an insulating ceramic, and is 
42 to form an observation Image at eyepiece 7. The sealed thereto with a suitable resin, 
observation image is of optimum brightness because Substrate 124 is mounted on the side of base 123 op- 
excess light is stopped by diaphragm 82. Further, a posite to chip 122. Image pickup package 108 and sub- 
broad depth of field results from utilization of stop dia- strate 124 are secured to the movable frame 109 by an 
phragm 82 resulting In a clear observation Image at 45 adhesive. The rear end of the substrate 124 mounts a 
eyepiece 7. cable connector 126 and electronic parts assembly 127 is 

FIGS. 4 and 5 illustrate a modification of the first mounted on the front end of substrate 124. 
embodiment (FIGS. 1-3), in which the present inven- The exit end surface light guide 130 which supplies 
tion is applied to an electronic endoscope having a focus illumination light to the observation position abuts the 
adjusting mechanism in an observation optical system. 50 rear end surface of cover glass 125 that is disposed in 
In FIG. 4 front optical adapter 86, for observing an illumination through-hole 106. Guide bar 128 extends 
object at a remote point, is removably mounted on distal rearward frt)m the front end of distal end body 97 and 
end 13 of electronic endoscope 96. Through-hole 87 for enters guide hole 129 at movable frame 109. 
observation and a through-hole 88 for illumination ex- Pin 131 is threadably mounted on the rear end of the 
tend through optical adapter 86 parallel to the longitu- 55 movable frame 109 and projects radially outward there- 
dioal axis of insertable portion 4. from, through longitudinally extendmg guide slot 132 

First lens 91 of view angle changing lens system 89 is (FIG. 5) and through cam slot 134 that is inclined with 
fitted onto the front end of observation through-hole 87. respect to the longitudinal direction. Cam slot 134 Is in 
A second lens 95, fitted onto lens frame 92, Is disposed cam ring 133 which is rotatably mounted on the outer 
rearwardly of first lens 91. Clear diaphragm 93, having 60 periphery of distal end body 97. 
a large F number and disposed on the rear end surface. Connector ring 136, having the same outer diameter 
oflens frame 92, is utilized to obtain a proper brighmess as that of the front optical adapter 86, is rotatably 
level to observe an object at a remote point. mounted on the center portion of distal end body 97. 

Lig)it distribution lens system 94 is fixedly fitted into Threaded portion 138 at the front outer periphery of 
the Ulumination through-hole 88. Circular recess 98 at 65 connector ring 136 Is provided with a plurality of longi- 
the rear end of front optical adapter 86 receives substan- tudinal slits 137 and mates with threaded portion 99 
tially cyUndrical distal end body 97 of electronic endo- provided on the rear mner periphery of front optical 
scope 96. The center line of front optical adapter 86 is In adapter 86. Projection 140a on the front inner periphery 
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of connector ring 136 is entered into recess 104^ pro- 
vided on the central outer periphery of distal end body 
97. Range ring 139 is mounted on the cam ring 133 at a 
position to the rear, of connector ring 136, and has the 
same outer diameter as that of front optical adapter 86. 

Conntffring member 141, secured to the front end of 
a joint piece composing a bendable portion (not shown), 
is mounted rearvmdly of range ring 139 and is secured 
to distal end body 97 by a plurality of screws 142.. Insu- 
lated cable conductors 144 extend rearward from rein- 
forcing cnember 143 .of cable connector 126 and pass 
through passage 146 in member 141. 'The latter is also 
provided with passage 147 through which light guide 
130 passes- Protection sheath 148 covers the outside of 
connecting member 141. 

When electronic endoscope 96 is being operated 
lumination light emitted from light distribution lens 
system 94 of front adapter 86. is projected onto an object 
at a remote point The reflected light from the remote 
object; passes through the view angle changing lens 20 
system 89 and is stopped by the diaphragin 93 so as to 
have the optimum amount of light for forming an image 
on the image pickup surface of solid-state image pickup 
chip 122, which image is transmitted through objective 
system 107 to chip 122. Such: optical image is trans- 25 
formed by photoelectrical conversion to an image sig- 
nal which is read out by a drive signal, is operated.on by 
a signal treating circuit and is then displayed as an ob- 
servation image by a monitor (not shown). Because 



10 



15 



mn^fs with female thread portion 167 provided on the 
inner periphery of observation through-hole 162, so that 
second lens 171 is movable in the longitudinal direction. 
A plurality of radially extending grooves 172 in the rear 
end surfiace of lens frame 169 serve as a means that is 
engageable by a to<^ (not shown) that, is used to rotate 
lens frame 169. 

Diaphragm 170, having a bright F number so as to 
give the optimum brightness to observe an object at . a 
remote point, is dispcied adjacent the rear end surface 
of lens frame 169, Light distribution lens system 173 is 
fixedly inserted into illumination through-hole 163. 
Substantialiy cylindrical distal end body 174 of elec- 
tronic endoscope 96 is insertable into circular recess 176 
at the rear end of front optical adapter 161. The latter 
extends' through- an aperture in spacer 185 into recess 
175 and is positioned such that the center liiie of the 
adapter 161 is in agreement with that of insertable por- 
tion 174w 

Interiorly threaded portion 177 is disposed at the rear 
end of recess 176. Ring-shaped watertight member 178, 
such as an O-ring, is disposed in groove 179 at the front 
of the threaded portion 177 in groove 179. Through- 
hole 175 for observation and a through-hole 180 for 
illumination are provided on distal end body 174 which 
is mserted into the recess 176, in parallel with the longi- 
tudinal direction of insertable portion 4. 

First lens frame 182 mto which optical rod 181 is 
fixedly inserted b disposed in front of second lens frame 



diaphragm 93, provided in the observation optical sys- 30 184 into which objective system 183 is faiserted. Lens 



tern that includes lens systems 89 and 107, has a bright 
F number a shallow deptH of field results so that focus- 
ing may be loose depending upon the position of a re- 
mote object being viewed. In this case, movable frame 
109 is moved in the longitudinal direction of insertable 35 
portion 4 by rotating range ring 139 to adjust objective 
lens system 107 to obtain optimum focusing As a result, 
the observation optical system (89, 107) is positioned at 
the optimum focus point despite working with a short 
depth of field.: Accordingly, an operator is able to ob- 40 
serve a clear image with brightness being optimum. 

When an object at a near point is to be observed, front 
optical adapter 86 for observing an object at a remote 
point b removed and replaced by a front optical adapter 
having a light stop diaphragm for observing an object at 45 
a near point Thus, it b possible to obtain an observation 
image with optimum brightness as well as with a large 
depth of field by utilizing an appropriate diaphragm 

Diaphragm 93 has a bright F number in order to 
brighten the vbual field. Because the observation posi- 
tion b remote, and the depth of field b reduced with a 
bright F number, an observation image may be defo- 
cused. It b possible to eliminate such dbadvantages by 
bringing the observation optical system mto the opti- 
mum focus position by adjusting the longitudinal posi- 
tu>n of frame 109 to obtain a clear observation image. 

In FIG. 6 a substantially cylindrical front optical 
adapter: 161 whose housing b formed of a hard material, 
b provided on the front end of insertable portion 4 of 
electronic endoscope 96. Through-hole 126 for obser- 
vation and through-hole 163 for illumination are formed 
on the front end of adapter 161 and extend parallel to 
the longitudinal direction of insertable portion 4. 

First lens 166 of view angle changing lens system 164 
b fitted into the front end of observation through-hole 
162, . and second lens 171 of lens system 164 dbposed 
rearwardly of first lens 166 b fitted into lens frame 169. 
The. latter includes male, thread portion 168 which 



50 



55 



60 



65 



frames 182 and 184 are disposed m observation through- 
hole 175. Cover glass 186 is fitted mto the front end of 
the illumination through-hole 180, and the end surface 
of light guide 44> which extends through msertable 
portion 4, b hi abutment with the rear end surface of 
cover glass 186. 

Step portions 187 and 188 are formed on the outer 
peripheral rear end of dbtal end body 174 and the front 
end surface of cylindrical .prism firame 189 abuts against 
step portion 187. The outer diameter of prism frame 189 
b equal to the iimer diameter of dbtal end body 174, is 
inserted into dbtal end body 174 and b fixed thereto by 
a plurality of screws 191.: 

Square low-pass optical filter 193, first prism 194 and 
second prism 196 constitute a light guide means that b 
at the rear end of prism frame 189. Low-pass filter 193 
b dbposed with its front and rear end surfaces perpen- 
dicular to the optical axb of objective lens system 183. 
The fix)nt end surface of first prism 194 b fixed to the 
rear end surface of low-pass filter 193, and mclmed 
surface 197 b formed on the rear end side of first prism 
194. Second prism 196 b a relatively thin wedge having 
its front surfiace fixed to inclined surface 197. Rear end 
surface 198 of second prism 196 b inclined with respect 
to the longitudinal direction of insertable portion 4. Seal 
glass 201 disposed on the image pickup package 199 
abuts rear end surface 198 of second prbm 196 and b 
fixed thereto so as to be inclined with respect to the 
longitudinal direction of insertable portion 4. Color 
filter array 202 and solid-state image picknp chip 203 
are disposed behind seal glass 201 and chip 203 b fixed 
to package base 204, formed of ceramics. 

Substrate 206 b secured to package 199 behind the 
image pickup side thereof. Package 199 and/or sub- 
strate 206 are secured to the prbm frame 189 by adhe- 
sion. The bent rear end of the substrate 206 forms, the 
core of cable connector 207. Electronic parts 208 are 
arranged on opposite sides of the substrate 206. 
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Step 209 on the rear outer periphery of prism frame ing a focusing function It is possible to obtain a clear 

189 fonns a reduced diameter portion 211. Substantially observation image by selectively disposing spacer 185 

cylindrical cover member 212 for substrate 206 has its so that the observation optical system assumes the opti- 

ftont end surface abutting step 209. Reduced diameter mum focus point The correct spacer 185 is easily se- 

front portion 314 arid the front outer periphery of cover 5 lected. If it is deared to observe an object with the 

member 212 is^ormed by step portion 213. From step observation optical system on which the front optical 

216 rearward, cover member 212 is of reduced diameter adapter having a narrow view angle is mounted, the 

which is interrupted by very shallow outward step 217. observation area at a comparatively remote position is 

Connecting ring 218, having the same outer diameter enlarged In this case, often there appears to be suffi- 

as that of the front adapter 161, is rotatably mounted on 10 cient illumination Ught Accordingly, the diaphragm in 

the outer periphery of reduced diameter portion 214. the front optical adapter is opened to make the F num- 

Front outer periphery portion 219 of connecting ring bcr of the observation optical system bnght, so that it is 

218 is provided with a plurality of longitudinal slits 220, now possible to obtain a property clear image even with 

and 219 mates with threaded portion 177 at the rear end an observation area at a remote position. However, with 

inner periphery of front adapter 16L Projection 221 on 15 the observation c^tical system having a narrow view 

the front inner periphery of connecting ring 218 extends angle (long focal length), depth of field becomes small 

into recess 222 provided on the front outer periphery of when operated just as described above, so that it is 

cover member 21Z possible to observe an object by darkening the F num- 

Cylindrical ring stop 229 is provided with hole 227 ber of the observation optical system with the dia- 

through wliich a plurality of cable conductors 226 ex- 20 phragm in the front optical adapter stopped for observa- 

tend rearward from cable core connector 207. Light tion of an area having sufficient brightness even when 

guide 44 extends through.hole 228 in ring stop 229. TTic the object is remote. 

latter is fixedly positioned in the rear reduced diameter In the observation optical system including a front 

of the cover member 212 and is secured in this position optical adapter having wide view angle, depth of field is 

by a set screw 232. The most forward joint piece 231, in 25 large due to the wide view angle. To obtain a depth of 

a flexible stack (not shown) formed by a plurality of field equivalent to an observation optical system of a 

joint pieces 231, is substantially of ring shape and is narrow view angle, it is possible to make the F number 

fixed to the rear of cover member 212. This stack of bright as compared with the observation optical system 

joint pieces 231 is covered by flexible tube member 233 having a narrow view angle and to obtain a properly 

having a front end that extends through narrow space 30 clear observation image even when observing a dark 

224 Into abutment with step portion 233. The outer area. In addition, it is possible to maintam an observa- 

periphery of tube member 233 is covered with protec- tion image in focus without the necessity of focusmg 

tion sheath 234 formed from a braided tube of fine metal from a near point to a remote point, 

threads. 1° FIG- ^> substantially cylindrical front optical 

Cylindrical fixed member 236 having an outer diame- 35 adapter 256 is formed of a hard material. Observation 

ter equal to or less than that of cover member 212 is through-hole 257 and an illumination through-hole 258 

fitted on the front end of protection sheath 234, with the extend from the front end of adapter 256 in parallel with 

front end of the latter abuttmg step portion 237. The the center line of adapter 256. First lens 261 of view 

front of sheath 234 is fitted over reduced diameter por- angle changing lens system 259, is fixedly fitted mto the 

tion 240 of member 236 and is captured by ring 238 40 front end of observation through-hole 257, and second 

which is connected to sheath 234 by a fixing operation, lens 262 is fixedly positioned by a step rearwardly of 

such as soldering. A plurality of radially extending first lens 261. 

screws 239 provided on tiie front of fixed member 236 Female threaded portion 264 extends to the rear from 

extend flirough recess 241 and abut reduced diameter step portion 263 and is formed in tiic enlarged mncr 

portion 217 of cover member 212 to connect sheath 234 45 peripheral portion of observation through-hole 259 to 

with distal end 13. In order to prevent screws 239 from tiie rear of second lens 262. Diaphragm disc 265 has one 

falling out. member 242 is loosely fitted on the outer surface abutting step portion 263 at the front of female 

periphery of cover member 212. threaded portion 264. In addition, ring-shaped dia- 

The outer diameter of member 242 is equal to that of phragm lock 267 provided with male threads 266 on the 

front optical adapter 161. A step portion 243 is provided 50 outer periphery tiiereof is inserted into female threaded 

at tiie front inner periphery of member 242 so as to abut portion 264 so as to press diaphragm 265 against step 

against step portion 213 provided on cover member 212. 263. Light distributing lens system 268 is fixedly m- 

Increased diameter portion 247 of cable core passage serted into iUumination through-hole 258. 

227 extends to the rear from step 246. Cylmdrical wire FIGS. 8(a) and S{b) illustrate two different versions 

lock 248 is fitted into increased diameter portion 247. 55 for diaphragm 265. That is the central opening of dia- 

Braided wire shield 249 which covers the outer periph- phragm 265fl is larger tiian the central opening of dia- 

ery of cable conductors 226 is fitted on the outside of phragm 26Sb. Thus, diaphragm 265a is of a relatively 

reduced diameter portion of wire lock 248 and is fixed bright F number for observing a remote point and dia- 

by soldering or by a conductive adhesive. Cable con- phragm 16Sb is of a relatively dark F number for ob- 

dnctois 226 pass tiiirough wire lock 248 and are secured 60 scrvmg a near point The particular diaphragm 265 is 

to reinforcing member 251 on cable connector 207. selected to obtain an observation image of optimum 

Cable core 226 is also fixed to wire lock 248 by insulat- brighmess. 

ing adhesives or the like. Other structures, functions, and effects of the later 

In the modification shown in FIG. 6 tiie diaphragm embodiments described herein are the same as those of 

170 has a brightness rating suitable for observing objects 65 tiie first embodiment From the foregoing, it will now be 

at both near and remote locations, in a manner similar to recognized by those skilled in the art that it is possible to 

the modification shown in FIG. 4 in which front optical obtain the same effects with a fiber scope in the first 

adapter.86 is provided for an electronic endoscope hav- embodunent as well as witii a fiber scope and an elec- 
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tronic endoscope in the modification thereof. In addi- 
tion, it is possible to easily and correctly selectively 
select the required diaphragm value by clearly marking 
respective F nnmbers on the front optical adapters in 
the Gist embodiment and on interchangeable dia- ^ 
phragms in the second embodiment. 

Although the present invention has been described in 
connection with a plurality of preferred embodiments . 
thereof many other variations and modifications win 
now become e^parent to those skilled m the art It is 
preferred, therefore, that the present mvention be lun- 
ited not by the specific disclosure herein, but only by 
the appended claims. 

What is claimed is: . . 

1. An optical adapter for an endoscope to be detach- 
ably mounted on the distal end of the endoscope, said 
endoscope including an observation optical system and 
an illamination optical system, comprising: 

an observation optical system; 20 

an illumination optical system; and 

an aperture diaphragm disposed within said observa- 
tion optical system of said optical adapter such that 
its optical axis is in agreement with -that of the 
observation optical system of the endoscope. 25 

2. An optical adapter as set forth in claim 1 in which 
the. observation optical system of said optical adapter 
includes first and second lenses substantially spaced 
along the optical axis of said optical adapter; 

said lenses being positioned so that a user of the endo- 30 
scope Is closer to the second lens than to the first 
len^ 

said aperture diaphragm being disposed between said ^ 
lenses and adjacent said second lens. 
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3. Endoscope apparatus including an optical adapter 
' to be detachably mounted on the distal end of an endo- 
scope, said endoscope including an observation optical 
system flTw! an illumination optical system, and said 
optical adapter inclttdmg;. 

an observation optical system and an illumination 

optica] system; . 
an aperture diaphragm disposed within the observa- 
tion optical system of said optical adapter such that 
its optical axis is in agreement with that of the 
observation optical system of the endoscope; and 
said aperture diaphragm of said observation optical 
system of said optical adapter being detachably 
mounted. 

4. An endoscope apparatus as set forth in claim 3 
including a plurality of said aperture diaphragms each 
having a different F number; 

each of said aperture diaphragms being selectively 
insertable in the observation optical system of the 
optical adapter to provide optimum viewing of an 
image. 

5. An endoscope apparatus as set forth In claim 3 
including a plurality of said optical adapters; 

a plurality of said aperture diaphragms each of a 
different F number; a different one of said aperture 
diaphragms being in each of said optical adapters 
whereby optimum viewing of an image is obtained . 
by mounting a selected one of said optical adapters 
at the distal end of said endoscope.. 

6. An endoscope apparatus as set forth in claim 3 in 
which said endoscope is a fiberscope. 

7. An endoscope apparatus as set forth in claim 3 in 
which said endoscope is an electronic scope. 

• * * * * 
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